Abstract-Decomposition of biomass due to bacterial activity results in the release of energy and warming of the mass. Therefore, the heat produced from the decomposition can be exploited effectively through a construction of a heat exchanger system. The working principle for this system is similar to that of ground source heat pumps. However, the system uses heat released from decaying biomass instead of geothermal heat from the ground. The main objective of this experimental work is to evaluate the potential of designing a heat pmnp system utilising the heat recovered from banana peels as a source of energy.
Therefore, the heat produced from the decomposition can be exploited effectively through a construction of a heat exchanger system. The working principle for this system is similar to that of ground source heat pumps. However, the system uses heat released from decaying biomass instead of geothermal heat from the ground. The main objective of this experimental work is to evaluate the potential of designing a heat pmnp system utilising the heat recovered from banana peels as a source of energy.
The heat exchanger system consists of pipes with a circulating medimn (water) rmming through the piles of decaying biomass to extract heat released during the decomposition process. A heat pmnp could also be applied to the heat exchanger to increase its efficiency. The amount of energy extracted from the system is given by the temperature difference of circulating medimn between the inlet and outlet pipe of the system. This system will analyse and evaluate the dependence of heat release rate on temperature. Results obtained during experimental testing are presented and discnssed here. The rate of heat extraction from the compost will be determined and analysed throughout the system.
Heat exchanger system constructed from banana peels managed to secure an estimated amount of 3 to 4 watt heat power per kilogram dry matter.
Keywords-Biomass; decomposition; geothermal heat pump; heat exchanger INTRODUCTION Decomposition is a natural process of disintegrating organic material into smaller pieces of compost and being returned to the earth as soil. It is natural because it happens to all organic material on the earth based on the biological cycle. In general, there are two types of decomposition which are aerobic decomposition and anaerobic decomposition [6] . Aerobic decomposition involves organic material that is allowed to decay with the presence of oxygen whereas anaerobic decomposition involves the decomposition of organic material without oxygen. This decomposition will result in the release of energy and heat will be rejected from the decaying body.
The principle application of a geothermal heat pump is the utilization of heat produced under the ground with its cold upper surface. Similarly, another system can be built on the exact principle utilizing the heat released from a decaying biomass.
According to Di Maria and his co-workers, water, carbon dioxide and heat are the main by-product produced during the aerobic decomposition of the organic substances and this process can be known as oxidation process [3] . The heat produced during the oxidation process is able to increase the temperature of the organic substance and this temperature should be maintained within the range of 55°C to 65°C. This is in fact to make sure the bacteria inside the organic substance will keep doing their decomposition job under the most suitable temperature condition. Bacteria could be destroyed if the temperature is too high. Therefore, excessive heat produced inside the organic substance should be discharged to the environment or else, the decomposition process will be inhibited.
Intensive microbial activities were discovered as there is a significant peak oxygen consumption rate in the first week of the compost. After that, the oxygen consumption rate reduced to lower stage. In the Bonferroni test, the cumulative oxygen uptake increased extensively as the moisture content increased from 30% to 60%. It was also found that at temperature 43°C, the compost have the highest cumulative oxygen consumption [4] .
Liang pointed out that the mInImUm requirement of moisture content to enhance the microbial activity rapidly is around 50% but 60-70% of moisture content would give the maximum activities [4] . It was also found that higher moisture content allows higher microbial activities with moisture content ranged from 30% to 60%. Apart from that, by increasing moisture content only, the enhancement of microbial activities induced by temperature increment can also be realized. Liang and his team found that, the effects of moisture content are more influential than temperature [4] . Therefore, it is more vital to monitor the moisture content of the compost.
Blackburn and his co-workers pointed out that energy efficiency designs of aerobic thermophilic systems can be considered as profitable approaches for odour concentration. A continuous system is employed where the heat loss of treated waste leaving the system will be recovered by using a regenerative heat exchanger [1] II.
MATERIALS AND METHODS

A. Sample preparation
Banana peels of the same batch and the same location were taken to ensure that they possess the same properties for experimental analysis. They will eventually be divided into two boxes with the same weight.
B. Sample measurements and analysis
Samples of the banana peels were taken and its weight were measured and noted as WJ. Then, the feedstock was heated inside an oven at the temperature of 105°C for 10 minutes. The dried banana peels was then removed from the oven and the weight was measured and noted as W2. Next, the moisture content and weight reduction in percentage of the grass clippings, %�w can be determined from the following equation:
0/0 weight of moisture;::: :
weight before heated-weight after heated X 1000/0 ( 1) weight after heated
The test was repeated twice to get the average percentage of weight reduction. Upon determination of the moisture content, the percentage of dry weight of the peels, %Wd can be expressed as:
Subsequently, the dry weight of the banana peels, Wd can be expressed in kilogram as follow where WI was the total weight in one box. �=�x%� �
C. Experimental setups
The scematic diagrams for the two boxes are shown in figure 1 and figure 2. Box 2 acted as a control experiment where compost was left to decay without heat extraction unit. The setups are as follows: 1) Experimental setups Jar Box J In this setup, water will be supplied through an 8mm plastic tube which acts as an inlet pipe and will be connected to an 8mm cooling coil which is placed inside the container. At the very end of the coil, a plastic tube will be attached to 978-1-4577-1354-5/11/$26.002011 © IEEE 20 discharge the flowing water from the system. This is known as the outlet pipe where mass flow rate of the water will be measured from the discharging water. A controlling valve will be connected to the outlet pipe to control the mass flow rate of water flowing inside the coil. At the same time, three thermocouples will be attached at the inlet pipe, the outlet pipe and inside the container to measure the temperature of the compost. The temperature difference between the inlet and the outlet pipe will be used in provided equation to calculate heat transfer rate released from the system when decomposition process is running. The thermocouples will be connected to the data logger where all the temperature activities throughout the system will be monitored. All data recorded from the data logger will be transferred and saved to computer via PC USB connection. 
2) Experimental setups Jar Box 2
This setup is much simpler than the previous one. The compost is allowed to decay on its own without cooling coil. Similarly, a thermocouple will be put inside the container to measure the temperature of the compost. This design acts as the control experiment to observe the abnormalities that may affect the overall decomposition process. A data logger will record and save the temperature activities to computer via PC USB connection. 
D. Estimated power output
The estimated total power that can be extracted from the compost, Q in can be expressed as:
In addition, the mass flow rate, m can be expressed as:
where p is the density of water and V is the volume flow rate of water. Therefore, Based on the formula mentioned above, the power gained, P on dry weight basis, W /kg can be expressed as follow:
III. RESULTS, ANALYSIS AND DISCUSSIONS
A. Analysis of compost temperature profile
Composting activity can be observed by monitoring the change of temperature profile in compost. High compost temperature refers to high microbial activity in compost which aids further composting. On the other hand, if the compost temperature decreases, it shows that microbial activity is reducing. In other words, it means that the nutrients or organic matter in the compost has been digested.
Two boxes with similar compost were observed in this experiment. Both composts were similar in conditions except one with a heat extraction unit and the other one did not. 
;;:---.. , Figure 3 . Compost Temperature Profiles. Figure 3 showed the temperature profile obtained during the decomposition. It was observed that at an early stage of composting, the compost temperature was rather high. That meant the microbial activity in the grass had taken place even before the experiment was started. The compost temperature without heat extraction increased gradually until it peaks up at 42°C on the seventh day. Then, it went down significantly within 3 days and continued to decrease slowly over time until it reaches a constant temperature of 22°C.
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However, for the second compost with heat extraction, the maximum temperature reached was only up to 38°C and the lowest temperature stated was the same as the first compost at 22°C. During this decomposition, mesophilic bacteria took place in the process but has not been very effective due to cooling effects from heat extraction system . Hence, relatively low temperature increment within mesophilic range can be detected in Box 1.
Greater composting can be observed in box 2 without heat extraction unit that showed higher temperature profile. It was because the compost temperature reached to the level where it initiated the thermophilic phase of decomposition. Thermophilic phase of composting started at the temperature above 40°C. Above this point, high temperatures accelerated the breakdown of proteins, fats, and complex carbohydrates like cellulose and hemicellulose which were the major structural molecules in plants by thermophilic bacteria. As a result, a rapid composting took place in this compost. On the contrary, thermophilic phase never occurred in the other compost which explained low composting activity as can be seen in its temperature profile.
In theory, the temperatures for both composts were expected to reach more than 40°C. However, such conditions were not met in this experiment. Two possible reasons for that were the effect of aeration and heat dissipated from the compost container walls in spite of the thermal insulation. Aeration cooled down the compost through water evaporation while heat loss from the container walls could mean cooling effect to the compost as well. Both effects reduced the potential of compost to achieve higher temperature thus, the possibility of going to thermophilic phase of composting was rather limited as well.
B. Analysis of heat recovered from decomposition process
Heat recovery from banana peels can be obtained by using equation 4 given earlier as shown in figure 4 . The average power output extracted daily was 2.23 Watt and the average power from the heat extraction unit is 4.7 Watt per kilogram dry matter. Power output extracted daily fluctuates due to the instability of water flow rate that went into the system which was inevitable.
Greater flow rate was supposed to contribute to higher power recovery, but it would exert cooling effect and reduce the temperature increment dramatically. So, a proper control of flow rate is vitally important to enhance the result of this experiment. Table 1 shows the possible power that can be extracted out from the decomposition of banana peels. After obtaining the moisture content for the compost, the dry matter analysis can be completed where power output per kilogram dry matter can now be calculated. In the analysis, the moisture content for the compost was 84.02 % and the dry matter used for heat generation was 1.278kg giving an average value of 3.05W/kg heat power extracted.
IV. CONCLUSION
In this project, it was proven that heat exchanger system can be built to harness heat released from decaying biomass and thus has a potential to be integrated into a heat pump system similarly just like geothermal heat pump. The power output extracted from the heat exchanger system from the banana peels was 3.05 Watt per kilogram dry matter throughout the composting cycle.
Results presented in this study provide some useful information for energy recovery from biodegradable waste and also to grasp the understanding on the phenomena occurred during decomposition process which can be useful for designs and operations of a real energy recovery plant.
